Introduction
Although there has been no unanimous opinion on the basic pathologic features of the atrioventricular septa1 defects (A VSD'S) ， l응 " goose-neck" deformity of the left ventricular outflow tract in a frontal angiogram has been regarded as an angiographic denominator of the A VSD'S.4 -6 Advancements in cardiac surgica1 capability have prompted the more accurate angiographic demonstration of the features of surgical importance in addition to the genera1ized diagnosis. Recent use ofaxial views has permitted the demonstrat ion of the more detailed pathologic anatomy by placing the regions of interest at a right angle to the X-ray beam .7- 10 The purposes of this repoπ are to correlate the angiographic findings demonstrated in axial views with those demonstrated in the conventional views and to provide the essential inject ions and projections in the preoperative evaluation of the A VSD's.
Materials and Methods
31 patients of A VSD's in which cardiac catheterization and cineangiography were done at the Department of Radiology, Seoul Nationa1 University Hospital between 1980 and 1984 were selected for the angiographic analysis. Patients with an A VSD coexisting with cardiac malposition and then correlated with the c1inica1 and laboratory findings. Efforts were made to correlate the angiographic fmdings with the operative fmdings in 19 patients.
Results
10 of the 31 patients were male and 21 female . They ranged in age from 7 months to 25 years. Angiographic findings were; 1. Absent atrioventricular septum (A VS) ; The straight segment between the noncoronary cusp and the crux cordis in the left ventriculogram, representing the foreshortened profile of the A VS in the 4-chamber view (Fig. 2) and the upper and single ventric1e were exc1uded. margin of the en face of the A VS in the elongated Biplane 35mm cineangiograms were made at RAO view of the norma1 heart, was deficient or 60 frames(sec after the cardiac catheterization. deformed (Fig. 3 , 4) . The right margin of the The cineangiographic unit used was the fixed tube conventional AP left ventriculogram between the system, GE MSIR_1250-biplane X-ray Generator aortic valve and the crux cordis was concave Unit. The injections and projections used are (Fig. 1) . The aortic valve-crux cordis distance presented in Table 1 . The 4-chamber view was was increased, together with the downward obtained by placing the patient in a 45 elongated ( Fig. 1 , 3 ment or septal aspect of the coapt atrioventricular AP view. Its ri방11 wall was serrated sept외 attachment or septal aspect of the coapt atrioventricular valves in the syst이ic phase ( Fig. l -B ). In the diastolic phase , the tunnel of the LVOT was encroached upon from its right side by the smooth mural attachment of the mitral valve or component above and by the nonopacified blood entering the left ventricular cavity below (typical " goose-neck" deformity) ( It was serrated with a negative defect (c1eft) at its center ( Fig. 1) . The left margin was smooth mural attachment. The catheter course in the lateral view was from above and in front, instead of normal course from above and behind. Whether the atrioventricular valve was partitioned or common could not be determined by the conventional views on1y. In the 4-chamber left ventriculogram, the mitral valve or component was well visualized along the deficient atrioventricular septum (Fig. 3) . The diagnosis of the common atrioventricular valve could be made in 4 of 22 4-chamber left ventriculograms, by noticing the brid명ng leaf1et after opacification of the right and left vent디c1es (Fig. 5 , Table 2 ). The common leaf1et was identified as a negative shadow during absence of the interventricular shunt do not always indicate the partitioned atrioventricular orifice. Of 12 four-chamber right ventriculograms, the separate tricuspid va1ve was identified in nine and the common leaflet was reconfirm ed in three. In one of 19 four-chamber left atriograms, the diagnosis of the separate mitral orifice could be made by noticing the round negative shadows of tricuspid and mitral va1ves at the time of atrial wash-out of contrast (Fig. 6) . The differentiatiùn of the partitioned and common atrioventricular orifice could not be made in seven patients.
5. Interatria1 shunt: The interatria1 shunt was visua1ized in 19 patients by the selective opacification of the left atrium in the 4-chamber view. The defect was between the apica11y displaced atrioventricular va1ves inferior1y and the atrial septum superior1y (Fig. 7) . The spetal aspects of the floors of the two atria (i.e., the atrioventricular va1ves) were continuous below the defect. There was no spatia1 interface between the left ventric1e and the ri방1t atrium. Associated ostium secundum defect was identified in one patient. 6. Interventricular shunt and relation between the atrioventricular valves and the ventricular septum; In the conventiona1 AP left ventriculogram, the only reJiable evidence of the interventricular shunt was the immediate opacification of the right ventricular outflow tract and the pulmonary artery during the first ventricular systole after the injection, and was found in one patient. The presence of the interventricular shunt could not be eva1uated by the conventiona1 AP and lateral views, as the regurgitant contrast medium in the right atrium and ventricJe could not be differentiated from the direct interventricular shunt.
In the 4-chamber left ventriculogram, the presence of the interventricular shunt and the relation between the atrioventricular valves and the ventricular septum could be eva1uated, as the ventricular septum was in profi1e. Interventricular shunt was present in eight equivoca1 in two and absent in 12 of 22 four-chamber left ventriculograms (Table 2 ). In one patient with interventricular shunt, the shunt was through the space beneath the anterior leaflet only and the posterior leaflet had the fibrous attachment on the ventricular septal crest. The diagnosis of chordal insertion of the atrioventricular valves on the septal crest could be made in two patients, by noticing the 1inear defect in the contrast medium beneath the atrioventricular valve leat1et. The interventricular shunt was reconfirmed by the 4-chamber right ventriculogram in three patients (Fig. 5) . No new diagnosis of the interventricular shunt was made by right ventriculogram. 7. Atrioventricular regurgitation; In all patients, direct or indirect evidences of the regurgitation through the mitra1 valve or component were demonstrated (Fig. 1, 2, 8) . The direction of the regurgitation was more accurately eva1uated in the 4-chamber view. The regurgitation into the right atrium was predominent in 11 patients. The regurgitation into the left atrium was exacerbated by the effect of the antegrade catheter vena cava was associated in four patients; three of them were drained into the right atrium and one was into the left atrium. Azygos or lesion was associated in two; one was the coarctation of the aoπa and the other the supravalvular aortic stenosis. Pulmonary stenosis was associated in two, one of which was the case with suprvaalvular aortic stenosis. Pseudocoarctation, ventricular septa1 defect in inlet muscular septum, secundum atria1 septal defect, patent ductus arteriosus, double out1et right ventric1e and hypoplastic right ventric1e were associated in one case for each.
Discussion
A generalized diagnosis of A VSD can be made by the conventional AP and lateral left ventriculograms because the deformity of the L VOT and the disproportion between the left ventricular inf10w and outflow lengths are characteristic. 4~. 1l-16 But the abi1ity of the conventional views in evaluating the variable features of surgical importance is far from satisfaction. Recent development ofaxi떠 views has permitted increased accuracy in defining the more important surgical features in addition to the common basic morphology,l - lO The steps in preoperative angiographic evaluation of the A VSD's should include ; 1) identification of the common features that are essential in making the diagnosis of AVSD.
2) subclassification of the A VSD's into the partial (with partitioned orifice) and complete (with common orifice) types, 3) evaluation of the variable features that are of surgical importance, i.e., the interatrial shunt. the interventricular, the relation between the atrioventricular valves and the atria1 and ventricular septa and the function of the atrioventricular va1ves, 4) identification of the associated anoma1ies. Common Angiographic Features ;4-6 ,11-17 Common angiographic features are deformed or defecient A VS with wide separation of the aortic V머ve and crux cordis, disproportion between the lengths of the inflow and outflow tracts, deformity of the LVOT and deformity and malorientation of the atrioventricular valves. These pathognomonic fmdings of the A VSD's are readily appreciated in the conventional AP, 4-chamber and elongated RAO views.
Partitioned or common atrioventricular orifice ; The diagnosis of the common atrioventricular orifice can be obtained from the 4-chamber left ventriculogram after the opacification of the right ventricle. 17 The negative shadow of the common atrioventricular valve extends across the ventricular septum during the diastole. The anterior common leaflet is related to the aortic valve and the posterior leaflet to the crux cordis. It is reported that right and left anterior leaflet can be identified and the subclassification into the Raste1li's subtypes are possiblé. 17 But we could not make the differentiation. The absence of the interventricular shunt usua11y indicates the presence of partitioned orifice, as the majority of the partitioned atrioventricular valves have fibrous attachments on the ventricular septal crests. 2 ,17 But the failure to demonstrate the common atrioventricular valve and the absence of the interventricular shunt dose not a1ways mean the partitioned orifice, because there are a few cases in the literatures in which the common atrioventricular va1ves are attached to the ventricular septal crest and no true interventricular shunt is present. 1 The 4-chamber right ventriculogram provides the additional clues in differentiating the partitioned orifice from the common orifice in the large number of cases.
Interatrial shunt; In the norma1 heart, the septal aspect of the left atria1 floor (anterior leaflet of the mitral valve) is a 1ittle higher than that of the right iltrium (septal leaflet of the tricuspid valve), with a sma11 gap of A VS between the left ventric1e and the right atrium (Fig.  7_A) . 1, 16 In the AVSD's, the atrioventricular va1ves are displaced apically on the ventricular septal crest and the floors of the two atria are at the same level ( Fig. 7-B) . The shunt is through the deficient A VS converted into the interatria1 communication. 1 The shunt between the atria1 septum and the atrioventricular valves is best demonstrated in the 4-chamber right upper pulmonary vein i띠 ection. A few cases are reported in the literature in which the atrioventricua1r valves are attached to the lower margin of the atrial septum and there is no interatrial communication. 2 The 4-chamber right upper pulmonary injection is mandatory for the eva1uation of the size of the defect and the associated defects of the interatrial septum. 17
Interventricular shunt and relation between the atrioventricular valves and the ventricular septum ; Four possibi1ities of relation between the atrioventricular valves and the ventricular septum exist; 1) free-floating leaflets with large interventricular shunt, 2) leaflets of chordal insertion on the ventricular septal crest with small interventricular shunt, 3) leaflets related to the atrial septum with no or sm 따1 interatrial communication. 1 ,2 ,9 ,10,17 The 4-chamber left ventriculogram is the best method in the evaluation of the interventricular shunt. The shunt beneath the anterior component of t he atrioventricular va1ve is related to the aortic va1ve and the shunt beneath the posterior component to the crux cordis. The angiographic distinction of the shunt beneath the free -floating leaflet from the shunt beneath the t ethered always can be made . 17 But the filling defects in the contrast medium passing from one ventricle to the other is the reliable evidence of the chordal insertion. 17 Function of the atrioventricular valves; The presence of regurgitation into the atrial chamber may be demonstrated in the elongated RAO, veiw of conventional AP and lateral views. But the direction of the regurgitation into the right or left atrium can be evaluated more accurately by the 4-chamber view. The negative defect (cleft) of the septal aspect of the mitral valve or component in the protosystole is more commonly into the right atrium. 17 For the more accurate evaluation of the regurgitation, the 4-chamber left ventriculogram should be made by the retrograde through the aorta.
Summary
The cineangiograms of 31 patients with an atrioventricular septa1 defects (A VSD's) were reviewed to correlate the angiographic findings dernonstrated in the axi 외 views with those dernonstrated in the conventional views and to provide the essentia1 injections and projections in the preoperative eva1uation of the A VSD's. It is conc1uded that the axi외 views provide the more accurate features of surgica1 importance as well as the common pathologic features than are demonstrated from the conventiona1 frontal and lateral views and that the axi떠 views should replace the conventional frontal and latera1 views.
The injections and projections in the preoperative evaluation of the A VSD's should inc1ude 1) 4-chamber left ventriculography, through the retrograde catheter, for the evaluation of the interventricular shunt , the variation of the morphology of the atrioventricular valves and the atrioventricular regurgitation, 2) 4-chamber right ventriculography, for the better eva1uation of the variation of the morphology of the atrioventricular valves, and 3) 4-chamber right upper pulrnonary vein injection, for the evaluation of the presence or absence, location and size of the interatria1 shunt.
